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Ten  experiments  were  conducted  at  the  Coastal  Hnjjineering  Research 
Center  (CFRC)  from  1970  to  1972  as  part  of  an  investigation  of  the  Lab- 
oratory Effects  in  Beach  Studies  (LEBS)  to  relate  wave  height  variability 
to  wave  reflection  from  a movable-bed  profile  in  a wave  tank.  The  in- 
vestigation also  identified  the  effects  of  other  laboratory  constraints. 
The  LEBS  project  is  directed  toward  the  solution  of  problems  facing  the 
laboratory  researcher  or  engineer  in  charge  of  a model  study;  ultimately, 
the  results  will  be  of  use  to  field  engineers  in  the  analysis  of  model 
studies.  The  work  was  carried  out  under  the  CERC  coastal  processes  pro- 
gram. 

This  report  (Vol . IV),  the  fourth  in  a series  of  eight  volumes  on  the 
LEBS  experiments,  analyzes  a movable-bed  experiment  run  under  nearly  the 
same  conditions  as  one  of  the  experiments  described  in  Volume  111  except 
that  the  initial  profile  slope  was  0.05  rather  than  0.10.  As  in  Volume 
III,  this  experiment  showed  a slower  approach  to  profile  equilibrium  than 
normally  anticipated  in  movable-bed  experiments.  A different  profile 
shape  developed  as  a result  of  the  flatter  initial  slope.  This  experi- 
ment provided  further  verification  of  the  great  effect  of  profile  change 
on  reflection  coefficient,  and  thus  on  wave  height  variability. 

Volume  I of  this  series  describes  the  procedures  used  in  the  10  LEBS 
experiments,  and  also  serves  as  a guide  for  conducting  realistic  coastal 
engineering  laboratory  studies.  Volumes  II  to  VII  are  data  reports 
covering  all  experiments;  Volume  VIII  summarizes  the  LEBS  experiments 
detailed  in  the  earlier  volumes. 

This  report  was  prepared  by  Charles  B.  Chesnutt,  principal  investi- 
gator, and  Robert  P.  Stafford,  senior  technician  in  charge  of  the  two 
experiments.  Dr.  C.J.  Galvin,  Jr.,  Chief,  Coastal  Processes  Branch, 
provided  general  supervision. 

Comments  on  this  publication  are  invited. 
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CONVERSION  FACTORS,  U.S.  CUSTOMARY  TO  METRIC  (SI) 
UNITS  OF  MEASURJ-MENT 


U.S.  customary  units  of  measurement  used  in  this  report  can  be  converted 
to  metric  (SI)  units  as  follows: 


Multiply 

by 

To  obtain 

indies 

25.4 

millimeters 

2.54 

centimeters 

square  inches 

6.452 

square  centimeters 

cubic  inches 

16.39 

cubic  centimeters 

feet 

30.48 

centimeters 

0.3048 

meters 

square  feet 

0.0929 

square  meters 

cubic  feet 

0.0283 

cubic  meters 

yards 

0.9144 

meters 

square  yards 

0.836 

square  meters 

cubic  yards 

0.7646 

cubic  meters 

miles 

1.6093 

kilometers 

square  miles 

259.0 

hectares 

knots 

1.8532 

kilometers  per  hour 

acres 

0.4047 

hectares 

foot-pounds 

1.3558 

newton  meters 

millibars 

1.0197  X 10" 

^ kilograms  per  square  centimeter 

ounces 

28.35 

grams 

pounds 

453.6 

grams 

0.4536 

kilograms 

ton,  long 

1.0160 

metric  tons 

ton,  short 

0.9072 

metric  tons 

degrees  (angle) 

0.1745 

radians 

Fahrenlieit  degrees 

5/9 

Celsius  degrees  or  Kelvins^ 

^To  obtain  Celsius 

(C)  temperature 

readings  from  FaJirenheit  (F)  readings. 

use  formula:  C = 

(5/9)  (F  -32). 

To  obtain  Kelvin 

(K)  readings,  use 

formula:  K = (5/9)  (F  -32)  + 273^15. 
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LABORATORY  EFFECTS  IN  BEACH  STUDIES 
Volume  IV.  Movable-Bed  Experiments  with  H^/L^  = 0.021  (1972) 


by 

•■'harles  B.  Chesnutt  and  Robert  P.  Stafford 
I.  INTRODUCTION 


1 . Background. 

Profiles  in  movable-bed,  coastal  engineering  laboratory  experiments  and 
models  are  expected  to  reach  an  equilibrium  shape  after  a sufficiently 
long  time.  The  equilibrium  shape  is  thought  to  depend  only  on  constant 
wave  and  sediment  conditions.  The  initial  slope  has  been  assumed  to  have 
no  effect  on  the  final  shape  of  the  profile. 

The  Laboratory  Effects  in  Beach  Studies  (LEBS)  project  was  initiated  at 
the  Coastal  Engineering  Research  Center  (CERC)  in  1966  to  investigate  the 
causes  of  wave  height  variability  and  other  problems  associated  with  mov- 
able-bed coastal  engineering  studies.  Ten  movable-bed  laboratory  experi- 
ments were  conducted  from  1970  to  1972  in  the  CERC  Shore  Processes  Test 
Basin  (SPTB)  to  measure  the  variation  in  reflection  as  the  profile  devel- 
oped toward  equilibrium.  This  report  (Vol.  IV)  discusses  the  experiment 
with  H^/L^  = 0.021  completed  in  1972;  Volumes  II  and  III  (Chesnutt  and 
Stafford,  1977a,  1977b)  discussed  the  experiments  with  the  same  wave 
steepness,  conducted  in  1970  and  1971.  The  other  five  experiments  are 
discussed  in  Volumes  V to  VII,  part  of  a series  of  eight  reports  on  LEBS. 
Volume  I of  the  series  (Stafford  and  Chesnutt,  1977)  discusses  the  contents 
and  primary  purposes  of  these  reports.  The  first  four  experiments  with 
initial  slopes  of  0.10  (discussed  in  Vols.  II  and  III)  led  directly  to 
the  experiment  described  in  this  report.  The  first  two  experiments  in 
1970  (Vol.  II)  were  conducted  primarily  to  relate  the  variation  of  wave 
height  to  changes  in  the  movable-bed  profile.  The  experiments  were  to 
continue  until  the  profile  reached  equilibrium,  at  which  point  it  was 
assumed  that  the  wave  height  variability  would  be  significantly  reduced. 
However,  the  beach  had  eroded  to  the  back  of  the  tank  before  the  profile 
reached  equilibrium. 

The  two  experiments  in  1971  (Vol.  Ill)  were  repeats  of  the  first 
two,  with  more  sand  added  so  that  the  initial  test  length  (distance  from 
the  wave  generator  to  the  initial  Stillwater  level  (SWL  intercept)  was 
shortened  by  7 feet  (2.1  meters)  in  both  tanks.  Again,  neither  profile 
reached  equilibrium. 

The  experiment  discussed  in  this  study  (72D-06)  was  essentially  a re- 
peat of  experiment  71Y-06  in  the  6-foot-wide  (1.8  meters)  wave  tank 
reported  in  Volume  III  (initial  test  length  of  93  feet  or  28.3  meters) 
with  more  sand  added  so  that  the  initial  slope  was  0.05.  With  the  addi- 
tional sand  placed  at  an  initial  slope  closer  to  the  presumed  final 
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profile  shape,  it  was  thought  that  the  profile  would  reach  equilibrium 
within  a shorter  period  of  time. 

Tlie  experiment  covered  in  this  study  has  been  discussed  in  an  earlier 
report  (Chesnutt,  1975)  which  analyzed  the  laboratory  effects  observed 
in  this  experiment  along  with  two  other  experiments  with  the  same  wave 
steepness  conducted  in  the  6-foot  tank  (see  Vols.  11  and  111). 

2 . Experimental  Procedures. 

Tlie  experimental  procedures  used  in  tlie  LEBS  experiments  are  described 
in  Volume  1 (Stafford  and  Chesnutt,  1977)  which  provides  the  necessary 
details  on  the  equipment,  quality  control,  data  collection,  and  data  re- 
duction for  all  10  experiments,  llie  data  collection  and  reduction  pro- 
cedures unique  to  the  experiment  in  this  study  are  documented  in  the 
Appendix. 

Tlie  conditions  of  experiment  72D-06  (the  subject  of  this  study)  and 
experiment  71Y-06  (discussed  in  Vol.  Ill,  to  be  compared  with  experiment 
72D-06)  are  summarized  in  Table  1.  Tlie  table  shows  that  initial  test 
length,  water  depth,  wave  period,  wave  height,  and  sand  size  were  the 
same  in  both  experiments. 


Table  1.  Summary  of  experimental  conditions. 


Experiment  ^ 

Initial  test 

Initial 

Wave 

Generated 

Init ial^ 

length 

s lope 

period 

wave  height 

median 

grain  size 

(ft) 

(s) 

(ft) 

(mm) 

72D-06 

93 

0.05 

1.90 

0.36 

0.22 

71Y-06 

93 

0.10 

1.90 

0 . 3b 

0.23 

^Refer  to  Volume  I (Stafford  and  Chesnutt,  1977)  for  relation  between 
these  experiments  and  the  other  eight  LEBS  experiments. 

^Initial  dso  determined  by  dry  sieve  method. 

NOTE. --Constants:  water  depth  = 2.33  feet;  wave  energy  flux  =5.8 
foot-pounds  per  second-foot. 

The  experimental  facility  used  is  shown  in  Volume  I (Fig.  3)  and  in 
the  Appendix  (Fig.  A-1) . Tlie  facility  consisted  of  two  side-by-side  6- 
foot-wide  wave  tanks,  one  with  a 0.10  concrete  slope  and  the  other  a sand 
slope.  A generator  was  common  to  both  tanks  so  that  each  had  identical 
wave  energy  input.  The  operation  of  the  generators  is  described  in  Sec- 
tion IV  and  Appendix  B of  Volume  I.  The  concrete  slope  provided  a control 
(a  bench-mark  value)  for  the  varying  reflection  measured  in  the  neighboring 
tank  with  the  movable  bed.  The  initial  test  length  was  7 feet  greater  on 
the  concrete  side. 

The  initial  grading  of  the  sand  slope  was  on  25  September  1972.  The 
first  run  was  on  3 October  1972,  the  last  run  was  on  13  December  1972, 
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and  the  data  collection  was  completed  18  December  1972.  llie  dates  are 
important  because  the  experiments  were  run  in  outdoor  facilities  with 
water  temperature  varying  with  ambient  air  temperature.  Ttie  major  events 
of  the  experiment  and  the  cumulative  time  at  the  end  of  each  run  are 
sununarized  in  Table  2. 

Table  3 gives  the  data  collection  schedule  within  eacl>  5-hour  run. 
During  the  first  5 hours  when  the  runs  varied  in  lengtli,  the  same  data 
were  collected,  with  the  schedule  depending  on  the  length  of  the  run. 

3.  Scope. 

Tliis  report  describes  and  analyzes  the  reduced  data  from  I.EBS  experi- 
ment 72D-06.  ITie  original  data  are  available  in  an  unpublished  labora- 
tory memorandum  (.No.  3)  filed  in  the  CF.RC  library  (Chesnutt  and  Leffler, 
1977) . 


Wave  reflection,  profile  surveys,  sediment-size  distribution,  breaker 
characteristics,  water  temperature,  and  current  observations  are  discussed 
in  Section  II.  Section  III  discusses  (a)  profile  development,  which  ex- 
amines the  interrelation  of  changes  in  profile  shape,  sediment-size  dis- 
tribution, breaker  characteristics,  water  temperature,  and  currents;  and 
(b)  profile  reflectivity,  which  examines  the  interrelation  of  changes  in 
profile  shape,  breaker  characteristics,  currents,  and  wave  reflection. 
Section  IV  summarizes  the  results  of  wave  height  variability,  profile 
equilibrium,  and  other  laboratory  effects. 

The  conclusions  and  recommendations  (Sec.  V)  are  aimed  directly  at  the 
problems  of  the  laboratory  researcher  or  engineer  in  charge  of  a model 
study.  Field  engineers  should  be  aware  of  these  results  when  analyzing 
model  studies  for  projects. 

The  data  in  this  study  (particularly  the  profiles)  may  have  other  uses. 
The  researcher  can  use  these  data,  after  consideration  of  the  laboratory 
effects,  to  analyze  short-  and  long-term  changes  in  profile  shape.  After 
an  analysis  of  the  scale  effects,  the  field  engineer  may  use  these  data 
to  determine  generalized  shoreline  recession  rates. 

II.  RESULTS 

1 . VJave  Height  Variability. 

a.  Incident  Wave  Heights.  Wave  height  measurements  from  the  continu- 
ous recording  of  water  surface  elevation  along  the  center  range  at  station 
+48  during  the  first  10  minutes  for  experiment. 72D-06  are  shown  in  Table  4. 
The  wave  heights  in  both  tanks  varied  from  0.32  to  0.44  foot  (9.8  to  13.4 
centimeters)  during  the  first  20  seconds.  Ignoring  the  first  group  of 
waves,  the  range  was  0.07  foot  (2.1  centimeters)  in  the  movable-bed  tank 
and  0.09  foot  (2.7  centimeters)  in  the  fixed-bed  tank.  The  range  of  wave 
heights  was  about  the  same  amount  in  the  two  tanks. 


Table  2.  Experimental  schedule  for  experiment  72D-06. 


Cumulative 
time  ^ 
(hr : min) 

0:00 

0:10 

0:40 

1:30 

3:00 

5:00 

10:00 


30 : 00 


Wave  record 
No. 


Survey 

No. 


Special  data 
col lected 


Sand  samples 


Wave  reflection 


50:00 


80:00 


100:00 


105:00 


130:00 


155:00 


180:00 


41,  S3 


Profile  survey 

Wave  reflection 

Profile  survey, 
ripple  photos, 
sand  samples 
Wave  reflection 

Wave  reflection 

Wave  reflection 

Profile  survey, 
ripple  photos, 
sand  samples 


^Wave  records  were  taken  during  run  ending  at  cumu- 
lative time  shown;  surveys,  sand  samples,  and  ripple 
photos  were  taken  after  the  run  ending  at  the  cumula- 
tive time  shown  (see  also  Table  3). 

^Increments  of  5. 

^Increments  of  1. 


Table  3.  Data  collection  schedule  within  runs 
for  experiment  72D-06. 


Event 

Time  within  runs 

Photo  of  SWL  intercept  and  upper  slope, 
if  damaged  since  last  run 

Before  start 

Current  data 

Throughout  run 

Recording  of  wave  envelope 

4:40 

Preparation  of  visual  observation  form 

4:55 

Photos  of  runup  and  breaker 

4:59 

Photo  of  SWL  intercept  and  upper  slope, 
after  water  had  calmed 

5:00 

Profile  survey 

Water  temperature  data  collected  in  the 
morning  and  afternoon  of  each  day  of 

5:00 

testing 

Table  4.  Wave  heights  during  first  .10  minutes  for  experiment  72D-06. 


Cumulative 

Wave  heii 

?ht  (ft) 

time 

Movable-bed  tank 

Fixed-bed  tank 

(min:s) 

(max) 

(min) 

(avg) 

(max) 

(min) 

(avg) 

0:00  to  0:20 

C.443 

WEM 

m 

m 

WM 

0:20  to  0:40 

0.384 

WSBB 

0:50  to  1:10 

0.384 

WSMM 

mbSM 

mmm 

0.379 

1:50  to  2:10 

0.386 

0.360 

0.373 

0.383 

■Ql 

0.368 

2:50  to  3:10 

0.378 

0.353 

0.362 

0.374 

0.339 

0.359 

3:50  to  4:10 

0.363 

0.347 

0.357 

0.378 

0.348 

0.357 

4:50  to  5:10 

0.380 

0.345 

0.361 

0.381 

0.342 

0.363 

5:50  to  6:10 

0.383 

0.353 

0.366 

0.374 

0.327 

0.351 

6:50  to  7:10 

0.345 

0.338 

0.350 

0.363 

0.330 

0.349 

7:50  to  8:10 

0.369 

0.359 

0.359 

0.369 

0.345 

0.355 

8:50  to  9:10 

0.362 

0.339 

0.348 

0.360 

0.327 

0.344 

9:40  to  10:00 

0.362 

0.321 

0.350 

0.378 

0.344 

0.360 

Avg^ 

0.360 

0.359 

^Excludes  averages  for  cumulative  times  0:00  to  0:20  and  0:20  to  0:40. 

;iOTE . --Average  of  3d  through  10th  wave;  6th  wave  was  omitted  due  to 
recording  omission  on  sand  channel. 
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The  average  wave  height  in  each  tank  was  determined  by  averaging  the 
average  of  the  last  10  waves  in  the  last  20-second  interval  for  each  of 
the  10  minutes.  Tlie  average  wave  height  was  0.36  foot  (11.0  centimeters) 
in  both  the  fixed-  and  movable-bed  tanks.  'Die  equal  values  are  coin- 
cidental, since  the  gages  were  different  distances  from  the  profile. 

Table  5 shows  the  average  incident  wave  heights  in  tlie  two  tanks. 

These  heights  were  determined  by  the  automated  method  for  determining  the 
reflection  coefficient,  (see  Vol . I).  Tlie  range  of  values  for  the 

fixed-bed  tank  was  0.03  foot  (,0.0  centii.’eter) . This  variation  is  prob- 
ably caused  by  generator  operation  variation,  measurement  errors,  and  all 
errors  not  caused  by  a changing  profile.  The  range  of  values  in  the 
movable-bed  tank  was  0.08  foot  (2.4  centimeters).  Tlie  difference  between 
the  two  amounts  of  variation  indicates  that  0.05-foot  (1.5  centimeters) 
variation  in  the  movable-bed  tank  was  due  to  the  changing  shape  and 
position  of  the  profile,  causing  a varying  profile  reflection  and  thus  a 
varying  re-reflection  from  the  wave  generator.  The  re-reflected  wave 
superposing  with  the  generated  wave  created  an  incident  wave  height  wiiich 
varied  in  time. 


Table  5.  Incident  wave  heights,  movable- 
and  fixed-bed  tanks. 


Time 

(hr) 

Incident  wave 

height  (ft) 

Movable  bed 

Fixed  bed 

0.66 

0,39 

0.38 

1.50 

0.40 

0.38 

3.00 

0.36 

0.38 

5.00 

0.36 

0.39 

10.00 

0.38 

0.40 

20,00 

0.37 

0.38 

25.00 

0.38 

0.39 

30.00 

0.37 

0.37 

35.00 

0.34 

0.39 

45.00 

0.36 

0,40 

80.00 

0.41 

0.40 

105.00 

0.40 

0.38 

110.00 

0.39 

0.37 

120.00 

0.40 

0.38 

125.00 

0.36 

0.38 

130.00 

0.36 

0.39 

140.00 

0.41 

0.37 

150.00 

0.39 

0.37 

155.00 

0.41 

0.38 

160.00 

0.40 

0.39 

165.00 

0.41 

0.38 

170.00 

0.39 

0.38 

180.00 

0.42 

0.39 

Avg 

0.39 

0.38 
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b.  Wave  Reflection.  The  reflection  coefficient,  Kff,  data  deter- 
mined by  the  manual  and  automated  methods  are  given  in  Table  6.  Tlie  two 
methods  are  described  in  Volume  I.  A plot  of  versus  time  (Fig.  1) 

comparing  the  two  methods,  indicates  that  both  methods  show  the  same  time 
variation  in  K.-, . A scatter  plot  (Fig.  2)  of  values  for  the  manual 

method  versus  the  automated  method,  for  those  wave  records  reduced  by 
both  methods,  shows  that  the  manual  values  were  higher  than  the  automated 
values  by  an  average  of  0.05,  and  that  the  variation  did  not  increase  with 
increased  reflection. 

All  data  versus  time  are  plotted  in  Figure  3,  with  the  manual 

values  reduced  by  0.05  to  give  a single  curve.  For  the  first  25  hours 
the  K/f  was  0.10  or  below.  After  25  hours  the  increased  in  mean 

value  and  in  variability,  reaching  as  high  as  0.18  at  35  hours  and  0.27 
at  115  hours,  and  as  low  as  0.07  at  135,  140,  and  150  hours. 

Values  of  in  the  fixed-bed  tank  as  determined  by  the  automated 

method  (Table  6)  varied  from  0.04  to  0.07.  At  times  of  high  in  the 

movable-bed  tank  (at  30,  35,  40,  105,  110,  and  120  hours)  the  in  the 

fixed-bed  tank  varied  within  the  range  of  0.05  to  0.07,  indicating  that 
the  high  in  the  movable-bed  tank  was  not  caused  by  a change  in  gen- 

erator operation.  The  0.03  variation  of  Ki^  in  the  fixed-bed  tank 
indicates  that  variation  in  greater  than  t0.015  in  the  movable-bed 

tank  can  be  attributed  to  changes  in  the  movable-bed  profile. 

The  values  determined  in  the  inshore  zone,  which  represent  the 

reflection  from  the  foreshore  zone,  are  shown  in  Table  7.  The  average 
varied  from  0.06  to  0.12. 


Table  7.  Reflection  coefficients  in 
the  inshore  zone  of  the 
movable-bed  tank. 


Time 

(hr) 

Avg 

Tlarige 

1 

6 

5 

101 

0.11 

0.10 

0.10 

0.10 

105 

0.10 

0.09 

0.17 

0.12 

126 

0.09 

0.06 

0.04 

0.06 

130 

0.09 

0.09 

0.11 

0.10 

152 

0.08 

0.13 

0.13 

0.11 

155 

0.10 

0.07 

0.08 

0.08 

^Data  reduced  by  the  manual  method; 
values  reduced  by  0.05  using  Figure 
2 to  calibrate  the  manual  method 
against  the  automated  method. 

2 . Profile  Surveys. 

a.  Interpretation  of  Contour  Movement  Plots.  Tlie  profile  surveys 
(discussed  in  Vol . I)  measured  the  three  space  variables  of  onshore- 
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Table  6.  Reflection  coefficients,  manual  and  automated 
methods . 


Manual  method 

Automated 

method 

Cumulative 

Movable 

— — 1 

Movable 

Fixed 

time 

bed 

bed 

bed 

(hr) 

(K/?) 

(K/?) 

(K/?) 

0.16 

1 

0.66 

0.047 

0.062 

1.50 

0.039 

0.061 

3.00 

0.058 

0.065 

5.00 

0.082 

0.048 

10.00 

0.069 

0.050 

15.00 

0.114 

20.00 

0.092 

0.062 

25.00 

0.099 

0.062 

30.00 

0.191 

0.149 

0.053 

35.00 

0.183 

0.049 

40.00 

0.196 

45.00 

0.123 

0.049 

50.00 

0.183 

55.00 

0.191 

60.00 

0.203 

65.00 

0.128 

70.00 

0.135 

75.00 

0.142 

80.00 

0.129 

0.084 

0.067 

85.00 

90.00 

0.199 

95.00 

0.181 

100.00 

0.200 

105.00 

0.252 

0.208 

0.066 

110.00 

0.217 

0.058 

115.00 

0.323 

120.00 

0.195 

0.045 

125.00 

0.129 

0.052 

130.00 

0.163 

0.107 

0.052 

135.00 

0.119 

140.00 

0.072 

0.038 

145.00 

0.145 

150.00 

0.069 

0.043 

155.00 

0.155 

0.099 

0.049 

160.00 

0.098 

0.060 

165.00 

0.101 

0.042 

170.00 

1 ..... 

0.097 

0.050 

175.00 

0.150 

180.00 

0.076 

0.049 

*\ot  analyzed  by  this  mctliod. 
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Cumulative  Time  { hr) 


Figure  1.  Comparison  of  manual  and  automated  reflection  coefficients 
along  range  3 seaward  of  the  profile. 
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Figure  3.  Reflection  coefficient  variation  for  experiment  72D-06 
along  range  3 seaward  of  the  profile. 
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offshore  distance  (station),  alongshore  distance  (range),  and  elevation  I 

at  fixed  times  (Table  2)  during  the  experiment,  llie  CONPLT  method  (see  J 

Vol.  I)  for  presenting  the  data  involves  fixing  the  alongshore  distance  f 

by  selecting  data  from  given  range  and  analyzing  the  surveys  along  that  | 

range.  The  surveyed  distance-elevation  pairs  along  that  range  are  used  ‘ 

to  obtain  the  interpolated  position  of  equally  spaced  depths;  i.e.,  -0.1,  j 

-0.2,  and  -0.3  on  the  hypothetical  profile  in  Figure  4(a).  These  contour 
positions  from  each  survey  are  then  plotted  against  time  (Fig.  4,b). 

A horizontal  line  in  Figure  4(b)  represents  no  change  in  contour  posi- 
tion. An  upward-sloping  line  indicates  landward  movement  of  contour 
position  (i.e.,  erosion) ; a downward-sloping  line  indicates  deposition. 

The  slope  of  a line  indicates  the  horizontal  rate  of  erosion  or  deposi- 
tion at  that  elevation.  The  three  x's  at  time  t2  (Fig.  4,b)  indicate 
multiple  contour  positions  at  elevation  -0.2  which  is  shown  by  the  inter- 
section of  the  dashline  with  profile  t2  in  Figure  4(a) . 

Three  types  of  contour  movement  plots  included  in  this  study  are: 

(a)  Tlie  seawardmost  intercepts  along  one  range  for  selected 
depths ; 

(b)  tlie  seawardmost  intercepts  for  one  selected  depth  along 
all  ranges;  and 

(c)  all  contour  intercepts  including  multiple  intercepts 
along  one  range,  for  up  to  12  selected  depths. 

The  coordinate  system  used  for  the  contour  movement  plots  is  sliown  in 
Figure  5.  The  following  elevations  are  referred  to  in  tF.e  discussion 
that  follows:  0.1  foot  (3.0  centimeters),  0.2  foot  (6.1  centimeters), 

0.3  foot  (9.1  centimeters),  0.4  foot  (12.2  centimeters),  0.5  foot  (15.2 
centimeters),  0.6  foot  (18.3  centimeters),  0.7  foot  (21.3  centimeters), 

0.8  foot  (24.4  centimeters),  0.9  foot  (27.4  centimeters),  1.0  foot  (30.5 
centimeters),  1.1  feet  (33.5  centimeters),  1.2  feet  (36.6  centimeters), 

1.3  feet  (39.6  centimeters),  1.4  feet  (42.7  centimeters),  2.1  feet  (64.0 
centimeters) . 

b.  Profile  Zones.  Definitions  of  coastal  engineering  terms  used  in 
LEBS  reports  conform  to  Allen  (1972)  and  the  Shore  Protection  Manual 
(SPM)  (U.S.  Army,  Corps  of  Engineers,  Coastal  Engineering  Research  Center, 

1975).  For  the  profiles  zones  in  this  study,  the  boundary  between  the 
foreshore  and  inshore  zones  is  defined  at  elevation  -0.2  foot. 

The  seaward  edge  of  the  inshore  zone  is  defined  as  extending  through 
the  breaker  zone.  The  boundary  between  the  inshore  and  offshore  zones 
for  this  experiment  is  at  elevation  -0.8  foot. 

A definition  sketch  of  the  profile  zones  is  shown  in  Figure  6.  Early 
profiles  (solid  line  in  Fig.  6)  had  a steep  foreshore,  a long  flat  inshore, 
and  a slightly  steeper  (than  0.05)  offshore.  Eater  profiles  (broken  line 
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Elevofion 


Distance  along  Tonk  Time 

a.  Profile  line  b.  Movement  of  contour  position 


Figure  4.  Interpretation  of  contour  movement  plots. 


in  Fig.  6)  also  had  a steep  foreshore,  a longer  inshore  with  a signifi- 
cant depression  between  stations  2 and  20,  and  a relatively  steep  off- 
shore. 'ITiis  development  is  shown  by  contour  movement  plots  (Figs.  7,  8, 
and  9)  of  the  seawardmost  contour  intercepts  for  elevations  at  0.1-foot- 
depth  increments  from  +0.2  to  -2.1  feet.  The  heavier  lines  for  -0.2-  and 
-0.8-foot  contours  distinguish  the  three  profile  zones  in  the  figures. 

In  the  foreshore  and  offshore  zones  the  contour  lines  are  close  together 
indicating  steeper  slopes;  in  the  inshore  zone  the  lines  are  spaced  farther 
apart  indicating  flatter  slopes. 

(1)  Foreshore  Zone.  Within  the  first  10  hours  the  foreshore 
developed  the  shape  which  it  maintained  throughout  the  remainder  of 
the  experiment  (Fig.  10).  Between  5 and  125  hours  the  foreshore  re- 
treated as  material  eroded  from  the  backshore  and  the  foreshore  (upward- 
sloping  lines  in  Fig.  10);  between  125  and  135  hours,  the  foreshore 
prograded  seaward  (downward-sloping  lines  in  Fig.  10).  After  135  hours 
the  shoreline  position  was  stable. 

Although  the  contour  lines  of  the  foreshore  moved  together,  the  lines 
were  not  always  parallel,  indicating  a variation  in  foreshore  slope  with 
time  at  each  range  (Figs.  7,  8,  and  9).  Slope  values  at  the  SWL  inter- 
cept (Table  8)  were  determined  by  measuring  the  slope  between  the  survey 
points  on  either  side  of  the  shoreline.  The  steepest  slope  was  0.5  and 
the  flattest  slope  was  0.02;  the  average  slope  of  the  foreshore  (after 
3 hours)  was  about  0.19. 

The  lateral  variation  in  the  slope  of  the  foreshore  developed  as  a 
result  of  concentrations  of  backwash,  which  created  gullies  or  flatter 
slopes.  The  flow  of  the  wave  uprush  and  backrush  for  the  same  wave  con- 
ditions that  shaped  the  foreshore  is  discussed  in  Volume  II  (Chesnutt 
and  Stafford,  1977a) . Figure  11  shows  the  foreshore  at  45  hours,  with 
a typical  foreshore  shape. 

The  shoreline  (0  contour)  movement  along  the  three  ranges  is  compared 
in  Figure  12.  The  slope  of  the  0 contour  indicates  the  shoreline  reces- 
sion rate.  Because  the  slope  of  the  backshore  was  0.05  (and  not  flat), 
the  volume  rate  of  erosion  was  not  constant  and  increased  at  a rate  pro- 
portional to  the  square  of  the  shoreline  recession  rate.  No  significant 
lateral  variations  occurred  in  the  shoreline  recession  (Fig.  12).  The 
average  rate  of  shoreline  recession  between  5 and  125  hours  wns  0.05  foot 
per  hour.  Between  125  and  135  hours  the  foreshore  prograded  seaward  and 
then  remained  stationary. 

(2)  Inshore  Zone.  The  movement  of  all  contour  intercepts  in  the 
inshore  zone  along  the  three  ranges  is  shown  in  Figures  13,  14  and  15; 
the  movement  of  selected  individual  contours  along  the  three  ranges  is 
compared  in  Figure  16. 

Within  the  first  10  minutes  of  testing,  a longshore  bar  formed  near 
station  +8,  between  the  -0.5-  and  -0.3-foot  contours.  By  5 hours 
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Figure  7.  Profile  changes  along  range  1 
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Figure  12.  Comparison  of  the  shoreline  (0  contour)  movement. 
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FiEure  15.  Changes  in  the  inshore  zone  along  range  5. 
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the  bar  completely  eroded  and  thereafter  the  inner  inshore  (between  *0.2- 
and  -0.5-foot  elevations)  remained  fairly  steep,  as  indicated  by  the 
shoreward  movement  of  the  -0.2-  to  -0.5-foot  contours,  liiis  material 
was  deposited  at  elevations  -0.7,  -0.8,  and  -0.9  foot.  During  the  first 
5 liours,  the  shoreward  movement  of  the  -0.5-foot  contour  and  the  seaward 
movement  of  the  -0.8- foot  contour  indicate  fairly  rapid  development  of  a 
long,  flat  shelf  in  the  outer  part  of  the  inshore  zone. 

Between  5 and  100  hours  the  seaward  edge  of  the  shelf  (and  inner  in- 
shore zone)  remained  stationary  and  the  shelf  grew  as  the  shoreward  edge 
(-0.5-foot  contour)  moved  shoreward.  During  this  period  some  lateral 
variations  occurred  in  the  positions  of  the  -0.5-  and  -O.b-foot  contours; 
however,  tliese  variations  were  no^  significant. 

Between  75  and  95  hours  the  -0.7- foot  contour  retreated  about  10  feet 
(3  meters)  along  range  3 (Fig.  14),  indicating  significant  erosion  at  that 
depth,  liie  same  erosion  occurred  along  the  other  ranges  (Figs.  13 
and  15) . 

After  100  hours,  material  deposited  at  the  seaward  edge  of  the  shelf 
(inshore  zone)  at  depths  of  0.7  and  0.8  foot  advanced  the  inshore  zone 
8.5  feet  (2.6  meters)  in  20  hours.  Tlie  shelf  (-0.8-foot  contour)  con- 
tinued to  advance  seaward  for  the  remainder  of  the  experiment.  No  sig- 
nificant lateral  variations  occurred  at  the  -0.8-foot  elevation.  After 
135  hours  the  -0.7-foot  contour  retreated  23.0  feet  (7.0  meters)  as  the 
seaward  part  of  the  shelf  flattened.  The  erosion  of  the  -0.7-foot 
contour  along  ranges  1 and  5 occurred  5 hours  sooner. 

At  105  hours  the  area  between  stations  8 and  10  began  eroding,  which 
eventually  became  a large  trough  with  a bottom  elevation  of  -1.3  feet 
at  station  10  at  175  hours  (shown  by  heavy  lines  in  Fig.  14). 

(3)  Offsliore  Zone.  The  movement  of  contours  in  the  offshore  zone 
is  shown  in  Figures  7,  8 and  9 for  ranges  1,  3,  and  5.  The  offshore  zone 
developed  from  the  initial  0.05  slope  to  a relatively  steep  slope  as  a 
result  of  the  deposition  of  material  seaward  of  the  breaker. 

During  the  first  5 hours,  most  of  the  material  was  deposited  at 
elevations  -0.9  and  -1.0  foot.  Between  5 and  85  hours  there  was  slight 
deposition  at  various  depths.  After  85  hours  significant  amounts  of 
material  were  deposited  in  the  offshore  zone,  beginning  first  at  a depth 
of  1.2  feet,  then  at  a depth  of  1 . 1 feet  at  90  hours,  1.0  foot  at  95 
hours,  and  0.9  foot  at  100  hours.  This  deposition  created  a relatively 
steep  offshore  slope,  which  subsequently  became  steeper  as  more  material 
was  deposited  offshore. 

Movements  of  the  -1.0-,  -1.4-,  and  -2.1-foot  contours  along  the  three 
ranges  are  compared  in  Figure  17.  The  only  lateral  variation  in  contour 
movement  occurred  at  the  -1.4-foot  elevation  near  50  hours,  when  the 
deposition  started  first  along  range  1 and  last  along  range  5. 
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3.  Sediment-Size  Distribution. 


The  sand  for  these  experiments  was  the  same  sand  used  by  Savage 
(1959,  1962)  and  Fairchild  (1970).  In  Volumes  II  and  III,  the  median 
grain  size  (sieve  method)  for  the  material  was  reported  to  be  0.23  milli- 
meter. The  material  added  to  the  profile  in  this  experiment  for  a 0.05 
initial  slope  was  evidently  slightly  finer.  The  six  surface  samples 
collected  from  the  profile  before  the  start  of  the  experiment  and  ana- 
lyzed by  the  sieve  method  had  a d50  of  0.22  millimeter. 

All  samples  collected  for  this  experiment  were  analyzed  by  the  Visual 
Accumulation  (VA)  tube  method  and  10  percent  of  the  samples  were  analyzed 
by  the  dry  sieve  method  for  quality  control  (described  in  Vol.  I).  The 
values  given  here  are  the  VA  tube  results.  In  Volume  I,  results  showed 
that  the  VA  tube  median  is  0.015  millimeter  less  than  the  sieve  median 
for  the  10  percent  of  the  samples  analyzed  by  both  methods. 

Table  9 gives  the  median  grain-size  results,  including  values  at  the 
beginning  of  the  experiment.  The  average  0 hour  median  grain  size  was 
0.21  millimeter. 

A summary  of  the  median  grain  sizes,  the  mean  of  the  medians,  range  of 
values,  and  the  number  of  samples  within  each  profile  zone  are  given  in 
Table  10.  At  100  hours  the  foreshore  was  an  eroding  foreshore  and  the 
median  grain* sizes  of  the  two  samples  were  high.  Median  grain  sizes 
varied  the  most  in  the  inshore  zone.  The  values  in  the  offshore  zone 
were  all  low,  as  would  be  expected  in  an  area  of  deposition.  However, 
the  mean  of  the  medians  was  0.21  millimeter  in  both  the  inshore  and 
offshore  zones. 

At  180  hours  (when  twice  as  many  samples  were  collected),  the  foreshore 
no  longer  eroded  but  had  built  up  with  the  deposition  of  finer  material, 
ranging  from  0.20  to  0.22  millimeter.  The  inshore  zone  still  had  the 
widest  range  of  median  sizes,  but  included  more  finer  samples.  The  off- 
shore zone  had  a wider  range  of  median  values,  including  some  finer  and 
some  coarser  than  the  values  at  100  hours.  The  mean  of  the  medians  was 
0.21  millimeter  in  all  three  zones. 

4.  Breaker  Characteristi'cs . 

A plot  of  breaker  position  superimposed  on  a plot  of  contour  movement 
along  range  3 is  shown  in  Figure  18.  During  the  first  20  hours  the  wave 
broke  by  plunging  at  depths  between  0.6  and  0.7  foot.  From  20  to  100 
hours  the  breaker  type  varied  between  plunging  and  spilling  and  the  wave 
broke  at  depths  varying  from  0.6  to  0.7  foot.  After  100  hours,  the  breaker 
conditions  were  more  complex.  At  the  seaward  end  of  the  inshore  zone  the 
wave  broke  (except  at  105,  120,  and  125  hours)  by  spilling  at  depths  be- 
tween 0.7  and  0.8  foot.  At  the  shoreward  end  of  the  inshore  zone,  the 
wave  broke  by  plunging  at  depths  between  0.2  and  0.4  foot,  except  at  115 
hours  when  it  broke  at  a depth  of  0.6  foot. 
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Table  9.  Sediment-Size  analysis  at  0,  100,  and  180 
hours  for  experiment  720-06. --Continued 
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Figure  18.  Movement  of  the  breaker  position. 
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Breaker  height  was  determined  twice  during  the  experiment.  At  30 
hours  the  breaker  height  was  0.49  foot  (14.9  centimeters)  and  the  breaker 
depth  was  0.65  foot  (19.8  centimeters);  at  80  hours  the  breaker  height 
was  0.58  foot  (17.7  centimeters)  and  the  breaker  depth  was  0.70  foot. 

5.  Wave-Generated  Currents. 

The  procedures  for  collecting  current  velocity  data  are  described  in 
Volume  I.  During  the  first  50  hours  of  this  experiment,  observations  of 
the  wave-generated  currents  were  made  using  small  bobs.  Regular  observa- 
tions of  the  bottom  currents  were  not  possible,  but  on  three  occasions 
the  heavy  bobs  were  recovered  several  feet  seaward  of  their  initial 
placement,  indicating  a seaward  current  near  the  bottom. 

The  surface  currents  in  the  inshore  zone  were  all  in  the  shoreward 
direction,  and  at  times  the  currents  tended  to  move  from  the  center  of 
the  tank  toward  the  range  1 side  of  the  tank  before  40  hours  and  toward 
the  range  9 side  after  40  hours.  On  three  occasions,  surface  bobs  near 
the  toe  of  the  foreshore  moved  in  a circular  pattern. 

6.  Water  Temperature. 

Figure  19  gives  data  on  the  daily  average  water  temperature  versus 
cumulative  test  time  and  real  time.  The  water  temperature  generally 
decreased  during  the  experiment. 

III.  PROFILE  DEVELOPMENT  AND  REFLECTIVITY 

Results  are  analyzed  by  (a)  Profile  development,  in  which  the  inter- 
dependence of  the  changes  in  profile  shape,  sediment-size  distribution, 
breaker  characteristics,  and  water  temperature  is  analyzed;  and  (b) 
profile  reflectivity,  in  which  changes  in  profile  shape  and  breaker  char- 
acteristics are  related  to  the  variability  of  the  reflection  coefficient. 
Profile  development  is  discussed  first  to  provide  an  introduction  to 
profile  reflectivity. 

1 . Profile  Development. 

The  important  changes  in  the  foreshore,  inshore,  and  offshore  zones, 
the  breaker  conditions,  median  grain  size,  and  water  temperature  during 
this  experiment  are  summarized  and  tabulated  as  a function  of  time  in 
Table  11. 

Almost  immediately  the  plunging  breaker  formed  a longshore  bar  on  the 
inner  inshore,  which  eroded  between  3 and  5 hours.  During  the  first  5 
hours  the  foreshore  developed  and  material  was  deposited  at  depths  of 
0.6  to  0.9  foot. 

Between  5 and  125  hours  the  shoreline  retreated  at  a fairly  constant 
rate  of  0.05  foot  per  hour.  The  inner  inshore  eroded  to  a fairly  steep 
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slope,  which  continued  to  erode  as  the  foreshore  retreated.  The  eroded 
material  was  deposited  mostly  at  depths  of  0.7  and  0.8  foot  up  to  35 
hours,  which  at  20  hours  caused  the  breaker  type  to  become  mixed  between 
plunging  and  spilling.  From  35  to  85  hours,  the  foreshore  and  inner 
inshore  continued  to  erode  and  the  material  was  deposited  in  the  offshore 
zone  at  various  depths.  Between  60  and  65  hours  the  outer  inshore  eroded 
at  the  0.6-foot  depth  and  thereafter  the  elevation  remained  below  -0.6 
foot.  Between  75  and  95  hours  significant  erosion  occurred  at  -0.7  foot 
across  the  entire  outer  inshore. 

From  85  to  125  hours  the  foreshore  and  inner  inshore  continued  to  re- 
treat as  sand  was  eroded  and  deposited  in  large  amounts  in  the  outer 
inshore  and  offshore  zones.  Deposition  occurred  first  (85  to  95  hours) 
in  the  higher  elevations  of  the  offshore  zone,  then  in  the  outer  edge  of 
the  outer  inshore  (95  to  120  hours),  and  finally,  throughout  the  offshore 
zone  after  120  hours.  With  the  inshore  zone  much  longer  and  flatter  at 
100  hours,  the  breaker  at  the  seaward  edge  of  the  inshore  zone  became 
consistently  spilling  and  a secondary  plunging-type  breaker  developed  at 
the  shoreward  edge  of  the  inshore  zone. 

At  125  hours  the  erosion  of  the  foreshore  and  inner  inshore  ceased 
and  for  the  next  10  hours  material  was  deposited  in  this  region,  with 
some  of  this  sand  from  erosion  near  station  8 (shoreward  end  of  the 
outer  inshore).  After  135  hours  the  foreshore  and  inner  inshore  stabi- 
lized, but  the  trough  near  station  8 continued  to  deepen  as  material 
eroded  from  this  region.  Between  135  and  140  hours  the  shelf  in  the 
outer  inshore  eroded  to  below  -0.7  foot  and  thereafter  the  elevation  re- 
mained below  -0.7  foot.  Material  continued  to  be  deposited  at  depths  of 
-0.8  foot  and  lower. 

The  daily  mean  water  temperature  with  shoreline  position  is  compared 
in  Figure  20.  The  figure  shows  no  obvious  correlation  between  erosion 
rates  and  water  temperature.  The  development  of  the  trough  near  station 
8 beginning  at  110  hours  coincided  with  the  permanent  temperature  drop 
below  10°  Celsius  at  110  hours,  but  that  may  have  been  coincidental. 

2 . Profile  Reflectivity. 

The  basic  profile  shapes  which  evolved  during  the  profile  development 
are  shown  in  Figure  6.  Early  profiles  (solid  line  in  Fig.  6)  had  a steep 
foreshore,  a long  flat  shelf  within  the  inshore,  and  a slightly  steeper 
offshore  zone.  Later  profiles  (broken  line  in  Fig.  6)  had  a steep  fore- 
shore, a wider  inshore  with  a large  trough  at  the  shoreward  end,  and  a 
relatively  steep  offshore  zone. 

Chesnutt  and  Galvin  (1974)  discussed  the  processes  which  reflect  wave 
energy  from  movable  beds  for  four  experiments  with  the  same  wave  conditions 
as  used  in  this  experiment.  The  processes  include  the  conversion  of  poten- 
tial energy  stored  in  runup  on  the  foreshore  into  a seaward-traveling  wave, 
the  seaward  radiation  of  energy  from  a plunging  breaker,  and  the  reflection 
of  the  incident  wave  from  the  movable  bed,  particularly  where  the  depth 
over  the  movable  bed  changes  significantly.  Depth  changes  are  significant 


if  the  depth  difference  is  an  appreciable  fraction  of  the  average  depth 
over  a horizontal  distance  less  than  a wavelengtli.  For  tlie  conditions 
of  tliis  experiment,  the  wavelengtli  is  14.3  feet  (4.36  meters)  in  the 
section  seaward  of  the  movable  bed  and  approximately  9 feet  (2.74  meters) 
over  the  inshore  zone.  'Ilie  depth  change  over  the  inshore  zone  is  about 
1 foot  at  tlie  deepest  section,  and  occurs  over  about  8 feet  in  the  hori- 
zontal (Fig.  7). 

a.  Reflection  from  the  Foreshore.  Tlie  foreshore  zone  did  not  develop 
until  5 hours  (Fig.  10).  Tlie  developed  foreshore  had  a slope  of  about 
0.19,  considerably  steeper  than  the  original  0.05  slope.  The  rise  of 

K/?  above  0.06  after  1.5  hours  (minimum  point  in  Fig.  3)  may  be  the 
result  of  the  formation  of  the  foreshore. 

measurements  over  the  inshore  shelf  after  100  hours  (Table  7) 
indicated  that  reflection  from  the  foreshore  varied  from  0.06  to  0.12  and 
was  not  as  variable  as  the  total  values. 

b.  Reflection  as  a Result  of  Wave  Breaking.  The  plunging  breaker 

and  the  longshore  bar  developed  almost  immediately  and  were  probably  the 
largest  reflectors  during  the  first  3 hours  when  no  other  features  were 
prominent  on  the  profile  (Figs.  3 and  5).  The  during  the  first  3 

hours  was  only  0.06  or  less,  so  the  breaker  could  only  have  contributed 
that  much  or  less.  By  20  hours  the  breaker  type  was  already  mixed  be- 
tween plunging  and  spilling.  Reflection  from  a spilling  breaker  is  as- 
sumed to  be  negligible,  so  tliat  after  20  hours  the  reflection  from  the 
breaker  would  have  become  small  and  after  100  hours  the  reflection  from 
the  primary  breaker  would  have  been  negligible.  Reflection  from  the 
secondary  breaker,  after  100  liours,  would  also  have  been  small,  because 
the  wave  height  at  that  point  was  much  smaller.  Tlius,  reflection  from 
the  breaker  was  probably  never  very  important,  and  became  less  important 
as  the  breaker  type  changed. 

c.  Effect  of  Inshore  and  Offshore.  As  the  shelf  in  the  inshore  zone 

developed  after  5 hours,  the  offshore  slope  became  slightly  steeper  and 
the  K:^  increased  significantly.  As  the  shelf  widened,  the  decreased 

for  a time  and  then  increased  to  a maximum  value  during  the  period  of 
greatest  deposition  at  the  outer  edge  of  the  inshore  shelf  and  the  upper 
offshore  slope.  Subsequently,  as  the  shelf  widened  more,  the  de- 

creased (Figs.  3 and  8). 


With  the  development  of  the  two  reflecting  zones  (foreshore  and  off- 
shore) separated  by  a relatively  flat  inshore  zone,  the  measured  re- 
flected wave  was  composed  of  two  reflected  waves.  A change  in  phase  or 
amplitude  of  either  reflected  wave  would  change  the  phase  and  amplitude 
of  the  measured  wave.  Part  of  the  variability  can  be  attributed  to 

the  change  in  phase  difference  between  these  two  reflected  waves  as  the 
foreshore  retreated  landward  and  the  offshore  built  seaward. 
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Chesnutt  and  Galvin  (1974)  examined  the  results  from  experiment  71Y-06 
I and  pointed  out  an  apparent  correlation  between  the  movement  of  the  -0.7- 

foot  contour  and  the  variability  of  the  reflection  coefficient,  and  sug- 
’ gested  that  the  reflection  is  very  sensitive  to  small  changes  in  depth 

near  the  seaward  edge  of  the  inshore  zone.  These  depth  changes  would 
tj  cause  variability  in  the  reflection  of  the  incident  wave  from  the  off- 

[j  shore  slope  and  variability  in  the  amount  of  energy  trapped  on  the  in- 

; shore  shelf. 

The  position  of  the  -0.7-foot  contour  and  the  reflection  coefficient 
versus  time  for  experiment  72D-06  are  compared  in  Figure  21.  The  initial 
seaward  (downward)  movement  of  the  -0.7-foot  contour  is  an  indication  of 
the  development  of  the  flat  inshore  shelf  and  steeper  offshore  slope. 

The  K/j  increased  as  the  shelf  developed.  The  decrease  in  Kfj  between 
60  and  85  hours  is  possibly  due  to  a phase  difference  change.  The  increase 
of  Kfi  to  a maximum  coincided  with  the  large  seaward  movement  of  the 
-0.7-foot  contour,  and  the  steepest  offshore  slope  at  100  hours.  The 
decrease  in  at  135  hours  coincided  with  the  shoreward  movement  of 

the  -0.7-foot  contour  and  the  decrease  in  the  offshore  slope  steepness. 

IV.  SUMMARY  OF  RESULTS 
1.  Wave  Height  Variability. 

Three  possi'ble  causes  of  wave  height  variability  in  experiment  72D-06 
are:  (a)  Wave  reflection  from  the  changing  profile,  (b)  re-reflection 
from  the  wave  generator,  and  (c)  secondary  waves.  TTiis  experiment  was 
designed  primarily  to  quantify  the  amount  of  variability  due  to  reflec- 
tion . 

a.  Wave  Reflection  from  the  Profile.  The  varied  from  0.04  to 

0.27  in  this  experiment.  values  were  low  initially  and  increased  as 

the  foreshore  slope  and  inshore  shelf  developed.  Later,  as  the  offshore 
reflecting  surface  became  much  steeper,  the  increased  in  mean  value 

and  variability.  The  large  variations  appear  to  have  been  caused  by  the 
small  changes  in  depth  near  the  seaward  edge  of  the  inshore  zone  (the 
top  of  the  offshore  reflecting  surface)  and  by  the  gradual  separation  of 
the  two  reflecting  surfaces  as  the  offshore  slope  prograded  seaward 
(Qiesnutt  and  Galvin,  1974). 

b.  Re-Reflection  from  the  Generator.  The  reflected  wave  advanced  to 
the  generator  and  was  again  reflected.  As  the  height  of  the  reflected 
wave  varied,  the  height  of  the  re-tef lected  wave  varied;  as  the  phase 
difference  between  the  reflected  wave  and  the  generator  motion  varied 
with  changes  in  the  profile,  the  hf  ight  and  phase  of  the  re-reflected 
wave  vqjried.  The  height  of  the  wave  incident  to  the  profile,  which  was 
the  average  of  wave  heights  along  the  full  tank  length  and  was  composed 
of  the  generated  wave  and  the  re-reflected  wave,  varied  from  0.34  to  0.42 
foot  (10.4  to  12.8  centimeters)  in  the  movable-bed  tank.  Part  of  that 
variation  (0.03  foot)  can  be  attributed  to  measurement  errors  or  to  vari- 
ations in  the  generated  wave.  The  remainder  of  the  variation  (0.05  foot) 

I is  likely  due  to  re-reflection. 
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Figure  21.  Comparison  of  the  -0.7-foot  contour  position  and 
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c.  Secondary  I'.'aves.  Along  the  length  of  the  tank,  between  the 
generator  and  the  toe  of  the  profile,  wave  heights  on  any  given  recording 
varied  as  a result  of  secondary  waves.  Galvin  (1972)  and  Hulsbergen 
(1974)  described  secondary  waves  (called  solitons  by  Galvin)  and  their 
effects;  secondary  waves  can  be  observed  on  the  wave  records.  The  wave 
height  variability  due  to  secondary  waves  does  not  affect  the  incident 
and  reflected  wave  heights  reported  here  since  the  incident  and  reflected 
wave  heights  are  spatial  averages. 

2.  Profile  Equilibrium. 

Experiment  720-06  was  the  third  effort  in  an  attempt  to  define  the 
equilibrium  profile  shape  for  this  set  of  wave  and  sediment  conditions. 
Based  on  experience  gained  from  experiments  70X-06  and  71Y-06  (see  Vols. 

11  and  III),  the  initial  slope  of  0.05  selected  for  this  experiment  was 
thought  to  be  much  closer  to  the  equilibrium  profile,  and  was  certainly 
close  to  the  final  profile  in  experiment  71Y-06;  e.g.,  erosion  of  the 
longshore  bar  and  development  of  the  long,  flat  shelf  in  the  inshore 
zone  that  occurred  after  200  hours  in  experiment  71Y-06  occurred  after 
only  3 hours  in  this  experiment.  Also,  at  100  hours  in  this  experiment 
the  inshore  zone  had  the  same  length  as  at  375  hours  in  experiment  71Y-06, 
but  the  offshore  zone  was  not  nearly  as  steep  and  extended  farther  toward 
tlie  wave  generator. 

After  125  hours  in  this  experiment  the  shoreline  stopped  retreating,  and 
after  135  hours  the  shoreline  stabilized,  which  never  occurred  in  experi- 
ment 71Y-06.  Even  though  the  shoreline  stabilized,  the  profile  con- 
tinued to  change.  A large  trough  was  scoured  near  the  shoreward  edge  of 
the  inshore  zone  and  the  material  was  deposited  in  the  offshore  zone. 

Hie  offshore  slope  was  never  as  steep  in  experiment  72D-06  as  it  was  in 
experiment  71Y-06. 

Although  the  flatter  initial  slope  hastened  the  profile  development 
and  during  the  last  80  hours  the  water  temperature  was  fairly  consta)it 
(below  10°  Celsius),  the  profile  never  reached  equilibrium. 

3.  Other  Laboratory  Effects. 

Chesnutt  (1975)  compared  the  profile  development  in  this  experiment 
with  that  in  experiment  71Y-06  and  discussed  the  effect  of  initial  slope. 

As  discussed  in  Section  IV,  2,  the  flatter  initial  slope  hastened  the 
development  of  the  typical  foreshore  and  inshore  shapes  for  this  set  of 
wave  and  sediment  conditions  (Fig.  8 in  this  report;  Fig.  9 in  Vol.  III). 
However,  three  striking  differences  between  the  final  profile  in  experi- 
ment 720-06  and  the  final  profile  in  experiment  71Y-06  were:  (a)  A stable 
foreshore  and  shoreline,  (b)  a large  trough  at  the  shoreward  edge  of  the 
inshore  zone,  and  (c)  a longer  and  less  steep  offshore  zone.  TTie  longer 
offshore  zone,  resulting  directly  from  the  flatter  initial  slope,  may  be 
the  cause  for  the  other  differences.  First,  the  wave  traveling  over  the 
0.05  slope  was  subject  to  greater  energy  losses  due  to  bottom  friction, 
particularly  after  the  inshore  zone  became  wider,  and  as  a result  the 
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wave  no  longer  had  sufficient  energy  to  erode  the  foreshore.  Second, 
because  of  secondary  waves,  the  velocity  distribution  at  the  toe  of  the 
profile  may  have  been  different  in  the  two  experiments  since  the  toe  in 
this  experiment  was  23  feet  closer  to  the  generator  than  in  experiment 
71Y-06.  The  effect  of  secondary  waves  on  profile  development  was  dis- 
cussed by  Hulsbergen  (1974).  The  difference  in  velocity  distribution  at 
the  toe  of  the  profile  would  have  caused  a different  velocity  distribution 
over  the  shelf  and  may  be  the  cause  of  the  trough  in  the  inshore  zone. 

V.  CONCLUSIONS  AND  RECOMMENDATIONS 

1.  Conclusions . 

(a)  In  experiment  72D-06  with  a water  depth  of  2.33  feet  (0.71 
meter),  a wave  period  of  1.90  seconds,  and  a generator  stroke  of  0.39 
foot  (11.9  centimeters),  the  average  incident  wave  height  was  0.39  foot. 

Reflection  measurements  in  the  control  tanks  with  a fixed-bed  profile 
varied  from  0.04  to  0.07,  indicating  that  the  wave  generators  were  opera- 
ting uniformly  and  that  the  measurement  error  in  determining  was 

±0.015  (Tables  5 and  6). 

(b)  Kd  varied  from  0.04  to  0.27,  and  the  variation  correlated  with 

profile  changes.  was  quite  low  during  the  first  few  hours  when  the 

profile  had  not  developed  many  features  on  the  0.05  slope.  Hie 
increased  first  as  the  foreshore  developed,  and  later  as  the  inshore 
zone  became  a long,  flat  shelf  with  a slightly  steeper  offshore.  The 
mean  value  of  the  Kj?  increased  as  the  offshore  steepened.  Large  fluc- 
tuations in  occurred  at  times  of  large  shifts  in  contour  position 

on  the  inshore  shelf ,• further  verifying  observations  in  Volume  III 

that  reflection  is  sensitive  to  small  changes  in  depth  at  the  shoreward 
edge  of  the  submerged  reflecting  surface  (Figs.  3 and  21). 

(c)  The  profile  never  reached  an  equilibrium  shape,  even  though  the 

water  temperature  was  relatively  constant  for  the  last  80  hours  of  the  j 

experiment  (Figs.  7,  8,  9,  and  20).  j 

(d)  A comparison  of  experiment  72D-06  (initial  profile  slope  of  0.05)  j 

with  experiment  71Y-06  of  Volume  III  (initial  slope  of  0.10)  indicates 

three  primary  differences  in  profile  shape:  stable  foreshore,  large  | 

trough  in  inshore,  and  longer  offshore.  These  differences  may  have  been  ) 

caused  by  the  different  initial  slopes  (Figs.  7,  8,  9,  13,  14,  and  15  ! 

and  Vol.  Ill) . | 

i 

(e)  These  two  experiments  also  differed  in  that  experiment  72D-06  \ 

developed  typical  (for  these  wave  conditions)  foreshore  and  inshore  shapes  | 

more  quickly.  This  difference  is  due  primarily  to  the  difference  in 

initial  slope  (Figs.  7,  8,  and  9). 

2.  Recommendations . 

(a)  Experimenters  should  be  cautious  in  defining  equilibrium  profile 
conditions. 
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(b)  Additional  research  is  recommended  to  prove  the  effect  of 
initial  slope  on  equilibrium  profile  shape;  however,  experimenters  should 
not  assume  that  initial  slope  has  no  effect  on  profile  development. 
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APPENDIX 

EXPERIMENTAL  PROCEDURES  FOR  72D-06 

This  appendix  documents  those  aspects  of  the  experimental  procedures 
unique  to  experiment  72D-06.  The  procedures  common  to  all  experiments 
ire  documented  in  Volume  I (Stafford  and  Chesnutt,  1977). 

1 . Experimental  Layout. 

At  the  beginning  of  experiment  72D-06,  the  movable-bed  profile  was 
constructed  with  sufficient  sand  to  form  a 0.05  initial  slope,  with  the 
initial  SWL  intercept  the  same  distance  from  the  generator  as  in  experi- 
ment 71Y-06.  The  SWL  intercept  on  the  fixed-bed  slope  was  7 feet  far- 
ther from  the  generator  as  in  experiment  71Y-06.  Figure  A-1  shows  the 
position  of  the  initial  profiles  with  respect  to  the  coordinate  system. 

In  the  process  of  moving  the  needed  sediment  from  the  stockpile  to 
the  experimental  facility,  the  sediment  was  screened  through  0.5-inch 
wire  mesh  tc  remove  any  large  material.  No  attempt  was  made  to  remove 
the  fine  material  which  had  contaminated  the  stockpile  and  significantly 
increased  the  turbidity  of  the  water. 

2.  Data  Collection. 

a.  Regular  Data. 

(1)  Wave  Height  Variability.  During  the  first  run  (to  0:10),  a 
continuous  water  surface  elevation  recording  was  made  at  station  48  near 
the  toe  of  the  movable-bed  profile  and  25  feet  (7.6  centimeters)  from 

the  toe  of  the  fixed-bed  slope.  During  all  subsequent  runs,  wave  envelopes 
were  recorded  with  wave  gages  moving  along  the  center  of  each  tank  from 
station  +15  to  +85  and  return  up  to  10  hours  and  from  station  +20  to  +85 
and  return  after  10  hours,  with  the  instrument  carriage  moving  at  a near- 
constant speed  of  10  feet  per  minute.  From  100  to  180  hours,  envelopes 
were  also  recorded  from  station  +20  to  +5  and  return. 

(2)  Wave-Generated  Current  Data.  Observations  of  wave-generated 
surface  currents  were  limited  to  the  first  50  hours  of  the  experiment. 
Attempts  to  observe  bottom  currents  were  hampered  by  the  turbidity  problem. 

b.  Special  Data.  Four  types  of  special  data  were  collected  at  less 
frequent  intervals,  and  Table  A-1  indicates  the  times  when  each  type  of 
data  was  collected. 

3.  Data  Reduction. 

a.  Wave  Height  Variability.  The  wave  reflection  envelope  recordings 
were  divided  into  two  grades  for  data  reduction.  The  automated  method 
for  determining  was  used  with  the  grade  I data,  which  had  no  data 
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Table  A-1.  Summary  of  special  data  collection. 


Time 

(hr) 

Profile  survey 
limits  ^ 

(ft) 

Photo  survey 
limits 
(ft) 

Sand  sample 
limits^ 
(ft) 

Wave  envelope 
limits  3 
(ft) 

0 

Not  taken 

Not  taken 

-12  to  +47 

Not  taken 

30 

Not  taken 

Not  taken 

Not  taken 

Envelope: 

+20  to  +85 
Stands : 

+85  to  +9 

50 

-5.5  to  +5.0 

Not  taken 

Not  taken 

Not  taken 

80 

Not  taken 

Not  taken 

Not  taken 

Envelope : 

+20  to  +85 
Stands : 

+85  to  +6.5 

100 

-7.0  to  5.0 

-13  to  +49 

-8  to  +44 

Not  taken 

105 

Not  taken 

Not  taken 

Not  taken 

Envelopes : 

+20  to  +85 
+85  to  +20 
+20  to  +5 
+S  to  +20 

130 

Not  taken 

Not  taken 

Not  taken 

Envelopes : 

+20  to  +85 
+85  to  +20 
+20  to  +5 
+5  to  +20 

155 

Not  taken 

1 

Not  taken 

Not  taken 

Envelopes : 

+20  to  +85 
+85  to  +20 
+20  to  +5 
+5  to  +20 

180 

-13.0  to  +52.0 

-13  to  +51 

-12  to  +50 

Not  taken 

^Elevations  measured  at  0.5-foot  intervals  between  the  given  stations 


along  ranges  0.5  foot  apart. 

^Samples  collected  at  4-foot  intervals  at  0 and  100  hours,  and  at 
2-foot  intervals  at  180  hours  between  the  given  limits  along  ranges 
1 foot  either  side  of  centerline. 

^One-minute  stands  recorded  at  all  nodes  and  antinodes  between  +85 
and  +20  at  both  30  and  80  hours,  at  1-foot  intervals  between  +20  and 
+9  at  30  hours,  and  at  0.5-foot  intervals  between  +20  and  +6.5  at  80 
hours.  Special  wave  envelopes  were  recorded  along  range  3 in  the 
fixed-bed  tank  and  along  ranges  1,  3,  and  5 in  the  movable-bed  tank. 
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quality  problems.  The  manual  method  for  determining  Kp  was  used  with 
the  grade  II  data,  which  had  problems  of  (a)  pen  skips,  (b)  highly  vari- 
able instrument  carriage  velocity,  or  (c)  off-scale  values.  Twenty  per- 
cent of  the  grade  I envelopes  were  also  reduced  manually  to  provide  a 
comparison  of  the  two  methods.  Tlie  water  surface  elevation  data  collected 
with  the  gage  stationary  during  the  first  10  minutes,  and  the  two  runs 
indicated  in  Table  A-1  were  analyzed  manually  to  determine  average  wave 
heights . 

b.  Sand-Size  Distribution.  All  samples  were  analyzed  using  the  VA 
tube  method  by  the  U.S.  Army  Engineer  Division,  Missouri  River,  Laboratory. 
Approximately  10  percent  of  the  samples  were  analyzed  by  project  personnel 
using  the  dry  sieve  method  as  a quality  control  measure.  Table  A-2  gives 
the  results  from  the  dry  sieve  method. 

c.  Breaker  Oiaracteristics . Breaker  type  and  position  data  were 
determined  from  the  visual  observation  form.  Breaker  height  data  were 
determined  from  the  stationary  recordings  of  water  surface  elevations  in 
the  inshore  zone  at  30  and  80  hours . 

Table  A-2.  Sediment-size  analysis  (dry  sieve  method),  at  0,  100, 
and  180  hours  for  experiment  72D-06. 


Station  Range  2 Range  4 

Elevation  Median  Median  Elevation  Median  Median 
(ft)  (mm)  (phi)  (ft)  (mm)  (phi) 


-4 

0.25 

0.22 

■m 

8 

-0.40 

0.22 

WSSM 

mggm 

20 

-0.95 

0.22 

2.17 

-0.95 

0.22 

0.22 

2.21 

0.23 

2.11 

0.21 

2.24 

0.23 

2.11 

0.23 

2.13 

1 • 

-10 

0.55 

■ 

.21 

2.24 

0.55 

0.22 

10 

-0.90 

.20 

2.32 

-1.30 

0.20 

30 

-0.85 

iH 

.26 

1.93 

-1.30 

0.28 

. -cf  tj  a 

> m 0)  e 

• CL  V v c 
. ..  T>  ” S 

; >«  0)  o -H 
j ^ ^ Ov  M 
: D.  • *0; 

i & 

00  X «M  4) 

3 ^ > u 

- ^ O -O  4) 
B ^ 6 O •H 


•H  U > U 
V M c«  « 

a 3 3 cn 

u 


, u Iri  ..4  U • 

O 41  Li  O • 

O M U JZ 

(T)  4<  W 

W 4)  ^ 3 

fi  U IM  <0  ■ 

O CQ  4> 

•H  ki  4J 


5*3 
>00  • 

e • • 

iJ  •H  CU  ( 

a ki 

4>  4»  4J  . 

•ri  4)  • k4 

u e » 4» 

•H  k4  ^ 

tiri  QC  O O 

*4-1  C Li  Otf 
4>  41  <4 

O k4  • ( 
O -H  41  *0 
t9  a U 

e Li  u o 
o U 00  L-t  • 

•H  to  **4 

4J  o (U  (0 

U U > Li 

a;  CO  CO 

^ . 3 


o.  u o 

X 4i  '** 
9)  ^ C 
Q X -H 
*a  K o 

41  k4  •H 

^ *0  cO  to 
I C 4)  u 
4>  <0  to 

H « c 

X Li  « X 
Q iJ  (J 

> 3 00  4) 
O e C H 
as  « •H 

4(  h W 

X 4)  to 


^ ^ «H  S 

O k4  <0  o 

> (0  Li  k4 


(0  O V 

4i  >v  O -H 

•H  X X 


fS  > 


• CO  o O *0 

X Li  > H • 

u I fh  4>  ^ : 

to  4)  4>  “H  ^ ' 

V iLi  O X tw 

iH  iM  X 00  • 

V4  4)  Li  d « 

(0  o Vi  T<  ^ ' 
X >»  a:  o Vi  “H  . 

o V7  i»,a>- 

o X I w V* 

• 4i  U t 4> 

W <0  •H  *0  *•  (/) 

ij  ki  a Vi 

so  O Vi  c 

d X to  «Li  4)  o 

g;  ^ U tM  Li  **4  ( 

4)  X d 4 e tS ' 

6 8ii3  § 


$ V X 
> 4»  > O ’ 
to  D.  to 

a <0  a 4) 


to  4)  3 O 
•H  (0  Vi 

m ^ a- 

O <Li  « 

• o X X 

O Vi  Li  Li 

CL  *H 
tM  -da* 
0 iH  d I 

3 3^' 
4J  d ^ : 

Q,  •H  O V : 

o tin  ^ a 


•H  tLi  3 Vi 
C •H  O.  Vi 
•H  *0  O O 


Li  O.  *H  •H 
•H  O U Li 
3 ^ ^ 3 4 
4)  d •H 
Li  > 1-t  Vi 
C 4(  3 

4>  *3  X > 


Vi  -o  a d 

3d  3 
d.  O 3 -H 
X o Li  o 
. 3 3 d •<-• 


% 3 O -H  « 

! X 94  Vi  O 
Li  • 4)  3 • 
I 4*  ^ CL  _ 

I X d 

0 X 3 O 
» 3 O •H 

1 > Vi  Li 
i Q *3  3 3 
] e O -H  3 


CL  Vi  O 

X 4<  4Li 

3 X C 

O X •H 
•3  as  u 


3 3 V5  X 

4<  d 

•a 

> 3 00  3 

o d d H 
a:  3 Vi 

41  Vi  ^ 
A 3 3 
. O 4*  C 

> d O 


^ ^ -H  fl 
O Vi  3 O 
> 3 Li  ki 
X 3 "i^ 
• U 3 
3 0 3 

3 >.  U -H 


C tM  • > 

Vi  O ki 

• Vi  • • 

♦ 3 0 O *3  rv 

J Li  > -H  rv  . 

U II  IH  4)  Os  ; 


I o ki  'H  3 r-i  Li  . 
: as  3J  0 Vi  .H  ^ d 

t ki  t*i  a > Vi  41 

o X 1 w Vi  u 

> Li  Li  • 4;  •• 

3 ‘H  <3  ••  W X 

ki  a ki  • u ' 

o o Vi  c a Vi  • 

X 3 ^Li  3 o 3 . 

3 Li  <Li  iJ  vi  o 3 ■ 

X c 3 d Li  X 3 ! 


> 3 > 3 
3 a 3 
a 3 a 3 
X ^ 

*3  3 3 Vi 

§ 3 I '0 

3 Vi 

m vi  a 

o 3 
• o X X 

O Vi  Li  Li 


4)  c s-i 
O.  vi  O 4» 
o tLi  f-  i 


1,  Coastal  engineering.  2.  Breakers.  J.  Currents.  4,  Movable  beds.  Coastal  engineering.  2.  Breakers.  3.  Currents.  4.  Movable  beds 

5.  Wave  generators.  6.  Wave  reflection.  7.  Wave  tanks.  I.  Title.  3 generators.  6.  Wave  reflection.  7.  Wave  tanks.  1.  Title. 

II.  Stafford,  Robert  P.,  Joint  author.  III.  Series:  U.S.  Coastal  jj  Stafford,  Robert  P.,  joint  author.  III.  Series:  U.S.  Coastal 

Engineering  Research  Center.  Miscellaneous  report  77-7,  v.4.  Engineering  Research  Center.  Miscellaneous  report  77-7,  v.4. 

TC203  .U581rar  no.  77-7,  v.4  627  TC203  .USSImr  no.  77-7,  v.4  627 


